This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



o BLACK BORDERS 

o TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

o FADED TEXT 

o ILLEGIBLE TEXT 

o SKEWED/SLANTED IMAGES 

o COLORED PHOTOS 

o BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

o GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY 

A§ resonninminig doonimneiinlts will mot c©inrectt fimmages 
please do nnott report tie nmmages to the 
Image ProMemms MaMboSo 



9 



D E C I A R A T I Q N 



I, the undersigned, of 2-12, Nakazaki 2-chome, Kita-ku, 
Osaka, Japan, hereby certify that I am well acquainted with 
the English and Japanese languages, that I am an experienced 
translator for patent matter, and that the attached document 
is a true English translation of 

Japanese Patent Application No. 9-189841 

that was filed in Japanese. 

I declare that all statements made herein of may own 
knowledge are true, that all statements on information and 
belief are believed to be true, and that these statements were 
made with the knowledge that willful statements and the like 

so made are punishable by fine or imprisonment, or both, pjider 

rr: 

Section 1001 of Title 18 of the United States Code, £5 zzz ZD 



C~3 



o 



m 
o 
m 



Signatures 




rn 
o 




CO 

o 

CD 



Yoshiharu Iwasaka 



Dated s April 3, 2003 



Tokuhei 9-189841 
(Translation) 

[Name of the Document] SPECIFICATION 

[Title of the Invention] Optical evaluation apparatus and op- 
tical evaluation method 
[Claims ] 

[Claim 1] An optical evaluation method for evaluating 
electrical properties of an insulating film formed on a semi- 
conductor region of a substrate, characterized by comprising s 

a first step of making exciting light be transmitted 
through the insulating film and be intermittently irradiated 
onto the semiconductor region immediately under it; 

a second step of making measurement light be transmitted 
through the insulating film and be irradiated onto the semicon- 
ductor region which is intermittently irradiated with the 
exciting light; 

a third step of calculating a variation amount of a reflec- 
tivity of the measurement light by dividing a difference 
between the reflectivity of the measurement light when the ex- 
citing light is irradiated onto the semiconductor region and 
the reflectivity thereof when the exciting light is not irradi- 
ated thereon by the reflectivity thereof when the exciting 
light is not irradiated thereon; and 

a fourth step of determining the insulating film to be a 
good product if the variation amount calculated in the step is 
within a predetermined range and determining the insulating 
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film to be defective if an absolute value of the variation 

amount is out of the predetermined range o 

[Claim 2] The optical evaluation method of Claim 1, 
characterized in that the semiconductor region is made of 

n-type silicon single crystals. 

[Claim 3] The optical evaluation method of Claim 1 or 2, 
characterized in that the insulating film is constituted 

by a silicon oxide filirio 

[Claim 4] The optical evaluation method of one of Claims 

1 to 3, 

characterized in that, in the fourth step, the insulating 
film is determined to be good or bad, depending upon whether or 
not the variation amount of the reflectivity of the measurement 
light is within the predetermined range at a particular energy 
value of the measurement light providing an extremum in a spec- 
trum of the variation amount of the reflectivity of the 
measurement light „ 

[Claim 5] The optical evaluation method of Claim 4, 
characterized in that the particular energy value of the 
measurement light is any value included within the range of 3o2 
to 3o6 eV. 

[Claim 6] The optical evaluation method of one of Claims 
1 to 5, 

characterized in that a wavelength range of the measure- 
ment light irradiated onto the semiconductor region is equal to 
or lower than 600 nnu 

2 Shutsushotokuhei 09-3084948 



Tokuhei 9-189841 
[Claim 7] The optical evaluation method of one of Claims 

1 to 6, 

characterized in that basic components of ellipsometric 
spectroscopy are usedo 

[Claim 8] The optical evaluation method of one of Claims 
1 to 7, 

characterized in that the respective steps are performed 
with a semiconductor device housed within a chamber , in which a 
gate oxide film is formed, after a step of forming the gate ox- 
ide film has been completed in a fabrication process of the 
semiconductor device • 

[Claim 9] An optical evaluation apparatus for evaluating 
electrical properties of an insulating film formed on a semi- 
conductor region of a substrate, characterized by comprising; 

a first light source for generating exciting light; 

a second light source for generating measurement light; 

a first light guiding member configured so as to make the 
exciting light, generated by the first light source, be trans- 
mitted through the insulating film and be intermittently 
irradiated onto the semiconductor region immediately under it; 

a second light guiding member configured so as to make the 
measurement light, generated by the second light source, be 
transmitted through the insulating film and be irradiated onto 
the semiconductor region which is intermittently irradiated 
with the exciting light; 
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reflectivity detection means for detecting a reflectivity 

of the measurement light irradiated onto the semiconductor re- 
gion? 

a third light guiding member configured so as to make the 
measurement light, reflected by the semiconductor region, inci- 
dent onto the reflectivity detection means; 

variation calculation means for receiving an output of the 
reflectivity detection means and calculating a variation amount 
of the reflectivity of the measurement light by dividing a dif- 
ference between the reflectivity of the measurement light when 
the exciting light is irradiated onto the semiconductor region 
and the reflectivity thereof when the exciting light is not ir- 
radiated thereon by the reflectivity thereof when the exciting 
light is not irradiated thereon; and 

evaluation means for evaluating the electrical properties 
of the insulating film based on a magnitude of the variation 
amount of the reflectivity of the measurement light. 

[Claim 10] The optical evaluation apparatus of Claim 9, 
characterized in that the evaluation means determines it 
to be a good product only when the variation amount of the re- 
flectivity of the measurement light is within the predetermined 
range at a particular energy value of the measurement light 
providing an extremum in a spectrum of the variation amount of 
the reflectivity of the measurement light* 

[Claim 11] The optical evaluation apparatus of Claim 10, 
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characterized in that the particular energy value of the 

measurement light is any value included within the range of 3.2 

to 3o6 eVo 

[Claim 12] The optical evaluation apparatus of one of 
Claims 9 to 11, 

characterized by further comprising spectroscope means for 
receiving the measurement light reflected by the semiconductor 
region, separating the measurement light and then providing it 
to the reflectivity detection means . 

[Claim 13] The optical evaluation apparatus of one of 
Claims 9 to 11, 

characterized by further comprising a filter for receiving 
the measurement light reflected by the semiconductor region, 
transmitting only a component of the measurement light within a 
wavelength range corresponding to the particular energy value 
of the measurement light, and then providing it to the reflec- 
tivity detection means • 

[Claim 14] The optical evaluation apparatus of Claim 9, 

characterized in that the wavelength range of the measure- 
ment light irradiated onto the semiconductor region is equal to 
or lower than 600 nm. 

[Claim 15] The optical evaluation apparatus of one of 
Claims 9 to 14, 

characterized by being configured by using an ellipsomet- 
ric spectroscope o 
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[Claim 16] The optical evaluation apparatus of one of 

Claims 9 to 15, 

characterized by being attached to a chamber used for 
forming an oxide film of a semiconductor device, 
[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to an optical evaluation ap- 
paratus and an optical evaluation method for a semiconductor 
device, and more particularly relates to a control of the prop- 
erties of an insulating film during the fabrication process • 

[0002] 

[Prior Art] 

In recent years, semiconductor integrated circuits have 
achieved a remarkably high degree of integration* Thus, in a 
MOS device for constituting a semiconductor integrated circuit, 
efforts have also been made in order to develop a device such as 
a transistor having an even smaller size and an even higher per- 
formance. Now that a transistor or the like of such a very 
small size and such a high performance has been provided, it is 
necessary to improve the reliability of the MOS device o In ad- 
dition, in order to improve the reliability of a MOS device, 
each portion constituting the MOS device is required to have 
high reliability . 

[0003] 
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As for a gate insulating film, in particular, used for a 

MOS device, the film thickness thereof has been rapidly re- 
duced o Thus, a very thin insulating film of 4 nm or less is 
expected to be used in the 21st century. In a MOS device hav- 
ing such an extremely thin insulating film, the properties of 
the insulating film are thought so much of as to be said to de- 
termine the characteristics of the entire MOS device and thus 
the electrical characteristics of the whole semiconductor inte- 
grated circuit,, Therefore, the properties of the insulating 
film are considered particularly important o 

[0004] 

The properties of such a gate insulating film have conven- 
tionally been controlled by forming a MOS capacitor or a MOS 
transistor and evaluating the electrical characteristics 
thereof* Such an evaluation of the electrical characteristics 
is performed during or after the fabrication of a MOS device by 
taking out a wafer with the MOS device mounted thereon from a 
chamber o 

[0005] 

[Problems to be Solved by the Invention] 
However, in the case of controlling the properties of the 
gate insulating film in the above-described manner by evaluat- 
ing the electrical characteristics as has conventionally been 
done, even when any defect is generated in the process of form- 
ing the insulating film during the fabrication of the MOS 
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device , the defect is not found out until the wafer is taken 

out from the chamber and then the electrical characteristics 
thereof are evaluated after the process has been completed o 
Thus, the gate insulating film having such a defect is continu- 
ously formed until then* As a result , the productivity 
(efficiency) is decreased «» 

[0006] 

In view of these respects, the present invention has been 
devised and the objective thereof is providing an optical 
evaluation apparatus and an optical evaluation method which can 
control in-line various properties of an insulating film during 
the fabrication process of the insulating film by taking every 
means for optically evaluating the properties, the electrical 
properties in particular, of the insulating film during the 
process step of forming the insulating film* 

[0007] 

[Means for Solving the Problems] 

In order to accomplish the above-described objective, the 
present invention takes various means regarding the optical 
evaluation method which are recited in Claims 1 to 8 and vari- 
ous means regarding the optical evaluation apparatus which are 
recited in Claims 9 to 16. 

[0008] 

As recited in Claim 1, the optical evaluation method of the 
present invention is an optical evaluation method for evaluat- 
ing electrical properties of an insulating film formed on a 
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semiconductor region of a substrate, and includes s a first step 

of making exciting light be transmitted through the insulating 
film and be intermittently irradiated onto the semiconductor 
region immediately under it; a second step of making measure- 
ment light be transmitted through the insulating film and be 
irradiated onto the semiconductor region which is intermit- 
tently irradiated with the exciting light; a third step of 
calculating a variation amount of a reflectivity of the meas- 
urement light by dividing a difference between the reflectivity 
of the measurement light when the exciting light is irradiated 
onto the semiconductor region and the reflectivity thereof when 
the exciting light is not irradiated thereon by the reflectiv- 
ity thereof when the exciting light is not irradiated thereon; 
and a fourth step of determining the insulating film to be a 
good product if the variation amount calculated in the step is 
within a predetermined range and determining the insulating 
film to be defective if an absolute value of the variation 
amount is out of the predetermined range „ 

[0009] 

Information about the electrical defects of an insulating 
film, those in a gate insulating film in particular, can be ob- 
tained by this method o Specifically, when exciting light is 
irradiated onto a semiconductor region, carriers are excited. 
And the electric field is varied in accordance with the varia- 
tion in numbers of carriers , Thus, the reflectivity of the 

measurement light from the semiconductor region is varied in a 
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wavelength range. In such a case, if an insulating film has 

been formed on the semiconductor region, then a defect layer, 
to be a trap of the carriers, exists in the surface layer of 
the semiconductor region , As a result, the variation amount of 
the reflectivity of the measurement light is decreased. How- 
ever, if the number of defects (trapped electrons) in the 
insulating film is large, then the increment of the electric 
field in the adjacent semiconductor region becomes large. As a 
result, the variation amount of the reflectivity of the meas- 
urement light is also increased. Thus, by determining the 
insulating film to be defective when the variation amount of 
the reflectivity of the measurement light is large, the elec- 
trical properties of the insulating film can be determined to 
be good or bad rapidly and exactly, 
[0010] 

As recited in Claim 2, the semiconductor region of Claim 1 
is preferably made of n-type silicon single crystals, 
[0011] 

As recited in Claim 3, the insulating film of Claim 1 or 2 
is preferably constituted by a silicon oxide film, 
[0012] 

As recited in Claim 4, in the fourth step, the insulating 
film is preferably determined to be good or bad in one of Claim 
1 to 3 , depending upon whether or not the variation amount of 
the reflectivity of the measurement light is within the prede- 
termined range at a particular energy value of the measurement 

10 Shutsushotokuhei 09-3084948 



Tokuhei 9-189841 
light providing an extremum in a spectrum of the variation 

amount of the reflectivity of the measurement light, 

[0013] 

As recited in Claim 5, the particular energy value of the 
measurement light of Claim 4 is preferably any value included 
within the range of 3„2 to 3«6 eV. 

[0014] 

In accordance with the method of Claim 4 or 5, the optical 
evaluation is performed at a point in the spectrum of the 
variation amount of the reflectivity showing a characteristic 
shape, in which point the sensitivity for detecting the differ- 
ence in electrical properties of the insulating film is best, 

[0015] 

As recited in Claim 6, a wavelength range of the measure- 
ment light irradiated onto the semiconductor region is 
preferably equal to or lower than 600 nm in one of Claims 1 to 
5. 

[0016] 

In accordance with this method, the optical evaluation is 
performed based on the variation amount of the reflectivity of 
only a part of the semiconductor region which is affected by 
the trapped electrons in the insulating film, by utilizing the 
fact that the measurement light in a wavelength range equal to 
or lower than the visible light region, in particular, does not 
reach a depth of more than several tens nm in the semiconductor 
region, 
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[0017] 

As recited in Claim 7, basic components of ellipsometric 
spectroscopy may be used in one of Claims 1 to 6 • 
[0018] 

In accordance with this method, the measurement light gen- 
eration source/ the spectroscope system, the light intensity 
detector and the like, which are provided for an ellipsometric 
spectroscope, can be directly used., Thus, the costs of the en- 
tire apparatus required for performing this optical evaluation 
method can be reduced. 

[00.19] 

As recited in Claim 8, the respective steps are preferably 
performed in one of Claims 1 to 7 with a semiconductor device 
housed within a chamber, in which a gate oxide film is formed, 
after a step of forming the gate oxide film has been completed 
in a fabrication process of the semiconductor device* 

[0020] 

In accordance with this method, the electrical properties 
of the insulating film can be monitored in-line, while continu- 
ously processing a semiconductor wafer in a chamber . 

[0021] 

As recited in Claim 9, the optical evaluation apparatus of 
the present invention is an optical evaluation apparatus for 
evaluating electrical properties of an insulating film formed 
on a semiconductor region of a substrate, and includes s a first 
light source for generating exciting light; a second light 
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source for generating measurement light; a first light guiding 

member configured so as to make the exciting light, generated 
by the first light source, be transmitted through the insulat- 
ing film and be intermittently irradiated onto the 
semiconductor region immediately under it; a second light guid- 
ing member configured so as to make the measurement light, 
generated by the second light source, be transmitted through 
the insulating film which is intermittently irradiated with the 
exciting light and be irradiated onto the semiconductor region 
immediately under it; reflectivity detection means for detect- 
ing a reflectivity of the measurement light irradiated onto the 
semiconductor region; a third light guiding member configured 
so as to make the measurement light, reflected by the semicon- 
ductor region, incident onto the reflectivity detection means; 
variation calculation means for receiving an output of the re- 
flectivity detection means and calculating a variation amount 
of the reflectivity of the measurement light by dividing a dif- 
ference between the reflectivity of the measurement light when 
the exciting light is irradiated onto the semiconductor region 
and the reflectivity thereof when the exciting light is not ir- 
radiated thereon by the reflectivity thereof when the exciting 
light is not irradiated thereon; and evaluation means for 
evaluating the electrical properties of the insulating film 
based on a magnitude of the variation amount of the reflectiv- 
ity of the measurement light. 

[0022] 
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This makes it possible to obtain information about the 

electrical defects of an insulating film, those of a gate insu- 
lating film in particular «> Specifically, when exciting light 
is irradiated onto a semiconductor region, carriers are ex- 
cited. And the electric field is varied in accordance with the 
variation in numbers of the carriers , Thus, the reflectivity of 
the measurement light from the semiconductor region is varied 
in a wavelength range* In such a case, if an insulating film 
has been formed on the semiconductor region, then a defect 
layer, to be a trap of the carriers, exists in the surface 
layer of the semiconductor region «, As a result, the variation 
amount of the reflectivity of the measurement light is de- 
creased o However, if the number of defects (trapped electrons) 
in the insulating film is large, then the increment of the 
electric field in the adjacent semiconductor region becomes 
large o As a result, the variation amount of the reflectivity 
of the measurement light is also increased* Thus, by making 
the evaluation means determine it to be defective when the re- 
flectivity of the measurement light is out of the predetermined 
range, the electrical properties of the insulating film can be 
controlled rapidly and exactly o 
[0023] 

As recited in Claim 10, the evaluation means of Claim 9 
preferably determines it to be a good product only when the 
variation amount of the reflectivity of the measurement light 
is within the predetermined range at a particular energy value 
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of the measurement light providing an extremum in a spectrum of 

the variation amount of the reflectivity of the measurement 

light - 

[0024] 

As recited in Claim 11 , the particular energy value of the 
measurement light of Claim 10 is any value included within the 
range of 3„2 to 3.6 eVo 

[0025] 

In accordance with Claim 10 or 11, the optical evaluation 
is performed at a point in the spectrum of the variation amount 
of the reflectivity showing a characteristic shape, in which 
point the sensitivity for detecting the difference in electrical 
properties of the insulating film is best. 

[0026] 

As recited in Claim 12, spectroscope means for receiving 
the measurement light reflected by the semiconductor region, 
separating the measurement light and then providing it to the 
reflectivity detection means may be further provided in any one 
of Claims 9 to 11. 

[0027] 

This makes it possible to perform a high-precision optical 
evaluation based on the entire shape of the spectrum, because 
the spectrum of the variation amount of the reflectivity of the 
measurement light is detected. 

[0028] 
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As recited in Claim 13, a filter for receiving the meas- 
urement light reflected by the semiconductor region , 
transmitting only a component of the measurement light within a 
particular wavelength range and providing it to the reflectiv- 
ity detection means may be further provided in any one of 
Claims 9 to 11 . 

[0029] 

This makes it possible to simplify the structure of an op- 
tical evaluation apparatus and to perform an optical evaluation 
rapidly, because the variation in reflectivity within a desired 
wavelength range can be detected without providing spectroscope 
means o 

[0030] 

As recited in Claim 14, the wavelength range of the meas- 
urement light irradiated onto the semiconductor region is 
preferably equal to or lower than 600 nm in any one of Claims 9 
to 13 o 

[0031] 

This makes it possible to perform the optical evaluation 
based on the variation amount of the reflectivity of only a 
part of the semiconductor region which is affected by the 
trapped electrons in the insulating film, by utilizing the fact 
that the measurement light in a wavelength range equal to or 
lower than the visible light region, in particular, does not 
reach a depth of more than several hundreds nm in the semicon- 
ductor region o 
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[0032] 

As recited in Claim 15 , it may be configured by using an 
ellipsometric spectroscope in any one of Claims 9 to 14. 
[0033] 

This makes it possible to constitute an optical evaluation 
apparatus with lower costs by using an ellipsometric spectro- 
scope used for measuring the film thickness of a gate oxide 
film and the like during the fabrication process of a semicon- 
ductor device, 

[0034] 

As recited in Claim 16 , the optical evaluation apparatus 
of any one of Claims 9 to 15 is preferably attached to a cham- 
ber used for forming an oxide film of a semiconductor device, 

[0035] 

As a result, since the quality of an insulating film can 
be evaluated without taking a semiconductor substrate out of a 
fabrication apparatus, it becomes an evaluation apparatus suit- 
able for in-line characteristic evaluation. 

[0036] 

[Embodiments of the Invention] 

Hereinafter, the optical evaluation apparatus and the op- 
tical evaluation method for a semiconductor device (insulating 
film) according to an embodiment of the present invention will 
be described with reference to Figures 1 to 6. 

[0037] 
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Figure 1 is a perspective view schematically showing the 

configuration of the optical evaluation apparatus for an insu- 
lating film in this embodiment <, In Figure 1, 101 denotes a 
semiconductor substrate in the form of wafer on which a silicon 
oxide film has been formed; 102 denotes a wafer stage; 103 de- 
notes a Xe lamp, as a second light source, having an output of 
150 W; 104 denotes a polarizer; 105 denotes a detector having a 
photodetector ; 106 denotes probe light (measurement light) whi- 
ch is the light of the Xe lamp; 107 denotes reflected probe 
light; 108 denotes a signal line for transmitting a signal from 
the detector 105 therethrough; 109 denotes an Ar ion laser, as 
a first light source, having an output of 5 W; 110 denotes a 
chopper for modulating the exciting light; 111 denotes exciting 
light which is the exciting light modulated by the chopper 110; 
112 denotes a signal line for transmitting a signal in synchro- 
nism with the modulation of the exciting light; and 113 denotes 
a control system. And the detector 105 is configured so as to 
measure the intensity of the reflected probe light 107 as a 
continuous spectrum for each wavelength „ Also, the exciting 
light 111 is formed so as to be chopped by the chopper 110 at a 
frequency of 500 Hz and be intermittently irradiated onto the 
region to be measured on the semiconductor substrate 101 from a 
direction vertical to the surface of the semiconductor sub- 
strate 101 o Furthermore, the chopper 110 and the detector 105 
for detecting the intensity of the reflected light are config- 
ured so as to operate in synchronism with each other * 
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[0038] 

On the other hand, as shown in Figure 2, a silicon oxide 
film 101c has been formed by a thermal oxidation method at a 
temperature of 850°C or lower, for example, on an n-type semi- 
conductor region 101b as the region to be measured in the 
semiconductor substrate 101. The probe light 10S passes 
through the silicon oxide film 101c to be incident onto the n- 
type semiconductor region 101b immediately under it and then 
reflected by the surface of the n-type semiconductor region 
101b. And, the reflected probe light 107 passes through the 
silicon oxide film 101c and emitted outward. 

[0039] 

In addition, though a chamber for performing thermal oxi- 
dization is not illustrated in Figure 1, the wafer stage 102 is 
disposed within the chamber. The chamber is provided with win- 
dows for passing the probe light 10S, the reflected probe light 
107 and the exciting light 111. 

[0040] 

Hereinafter, the fundamental principle of the optical- 
modulation reflectivity spectroscopy and a method for measuring 
the variation amount ( Ar/R) in reflection intensity of the re- 
flected probe light 107 according to this embodiment will be 
described. 

[0041] 
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In general, when semiconductor is irradiated with light, 

carriers are excited by the light to increase the number 
thereof • Thereafter, when the carriers return to the original 
energy level, they are extinct while emitting light., A surface 
electric field in the semiconductor region is varied in accor- 
dance with such a variation in numbers of carriers „ Thus, the 
ratio at which the measurement light is reflected by the sur- 
face of the semiconductor region, i.e e , the reflectivity of the 
measurement light, when exciting light is irradiated is differ- 
ent from the reflectivity when exciting is not irradiated o 
That is to say, if the magnitude of the variation of the elec- 
tric field to be generated upon the irradiation of the exciting 
light is varied depending upon any property of the region to be 
measured, then the properties of the region to be measured 
might be evaluated by measuring the variation amount of the re- 
flectivity of the measurement light „ The present invention 
supposes such optical-modulation reflectivity spectroscopy 
technologies as a premise o 

[0042] 

Thus, in this embodiment, the variation in reflection in- 
tensity of the reflected probe light 107 is detected by making 
the exciting light 111 pass through the silicon oxide film on 
the semiconductor substrate 101 as the region to be measured so 
as to intermittently irradiate it onto the n-type semiconductor 
region immediately under it and by simultaneously making the 

probe light 10S continuously pass through the silicon oxide 
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film from another direction so as to irradiate it onto the n- 

type semiconductor region immediately under ito And, the value 
(A R/R) obtained by dividing the difference Ar between the re- 
flection intensity of the reflected probe light 107 when the 
exciting light 111 is irradiated and the reflection intensity 
thereof when it is not irradiated by the reflection intensity R 
when the exciting light 111 is not irradiated is detected by an 
analysis system 113 as a variation amount of the reflection in- 
tensity „ Herein, the variation amount ( A R/R) of reflection 
intensity is used instead of the reflectivity on the assumption 
that the intensity of the probe light 106 to be irradiated is 
constant. Thus, it is the variation amount of the reflectivity 
that has technological significance., The variation in varia- 
tion amount of the reflection intensity of the probe light is 
monitored by the above-described configuration. And, on the 
display of the analysis system 113 shown in Figure 1, the spec- 
trum of the variation amount ( A R/R) of the reflection 
intensity of the measurement light, such as the illustrated 
one, is displayed. 

[0043] 

Figure 3 shows the spectrum of the variation amount (Ar/R) 
of the reflection intensity measured by the detector 105. In 
this figure, the curve Spa represents the spectrum of the 
variation amount ( A R/R) of reflection intensity from the semi- 
conductor substrate having a normal silicon oxide film and the 
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curves Spb and Spc represent respective spectra of the varia- 
tion amounts ( A R/R) of reflection intensities from 
semiconductor substrates having defective silicon oxide films. 
From the difference in shapes of these spectra of the variation 
amounts ( A R/R) of reflection intensities , it was found that 
the variation amount ( A R/R) of the reflection intensity for a 
good semiconductor substrate is included within a certain range 
(the hatched region in this figure), while the magnitudes of 
the variation amounts ( Ar/R) of reflection intensities for de- 
fective semiconductor substrates are too large to be included 
within this range „ Such a difference is presumably caused be- 
cause of the following action o 

[0044] 

As shown in Figure 4(a) , when the exciting light (exciting 
light) 111 is passed through the silicon oxide film and irradi- 
ated onto the n-type semiconductor region immediately under it, 
carriers are generated in the n-type semiconductor region and 
the surface electric field is intensified by A <f> in accordance 
with the variation in numbers of carriers „ It has already been 
described that the reflection intensity when the exciting light 
is irradiated differs from that when it is not irradiated be- 
cause of the generation of the variation A (j> of the surface 
electric field* Herein, if the silicon oxide film has been 
formed on the n-type semiconductor region, then a defect layer 
for trapping the carriers is formed in the surface layer of the 
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n-type semiconductor region- Accordingly , the variation of the 

reflectivity of the measurement light might be decreased • 
[0045] 

However, if trapped electrons exist in the silicon oxide 
film as shown in Figure 4(b) , then a larger variation A$* of 
the surface electric field is caused by these electrons in the 
n-type semiconductor region. Thus, the variation amount ( A 
R/R) of the reflection intensity from the n-type semiconductor 
region immediately under the silicon oxide film, in which a 
large number of trapped electrons exist, is considered to be 
larger than the variation amount ( A R/R) of the reflection in- 
tensity from the n-type semiconductor region immediately under 
the silicon oxide film in which a small number of trapped elec- 
trons exist o That is to say, a large number of trapped 
electrons exist in the silicon oxide films on the semiconductor 
substrates providing the spectra Spb and Spc having large 
variation amounts ( AR/R) of the reflection intensities such as 
those shown in Figure 3. It is known that the larger number of 
such trapped electrons exist, the larger the number of defects 
in the silicon oxide film is «, It is also known that if a large 
number of trapped electrons exist, then a carrier path result- 
ing from dielectric breakdown is more likely to be formed and 
the longevity of an insulating film becomes short, 

[0046] 



23 Shutsushotokuhei 09-3084948 



Tokuhei 9-189841 
Thus, in order to support the above-described supposition, 

the present inventors conducted experiments in which electric 
stress is applied to a silicon oxide film having a thickness of 
about 2 to 4 nm, so as to have the magnitude thereof set at 
various values, thereby obtaining data shown in Figure 5. Fig- 
ure 5 is a diagram showing the relationship between the peak 
intensity in the spectrum of the variation amount ( AR/R) of 
reflection intensity and the density of trapped electrons in 
each of the oxide films obtained by capacitance measurement <, 
In this figure, the axis of ordinates indicates the densities 
of trapped electrons ( X 10 11 cm 2 ) and the axis of abscissas in- 
dicates the relative values of peak signal intensities 
providing a relative minimum value (corresponding to a wave- 
length around 375 nm) in the vicinity of 3-35 eV in the 
spectrum of the variation amount ( AR/1) of reflection inten- 
sity. As shown in Figure 5, the density of trapped electrons 
becomes higher as the absolute value of the peak signal inten- 
sity becomes higher o Thus, the quality of a silicon oxide film 
can be evaluated not good (i.e., in which a larger number of 
trapped electrons exist) when the absolute value of the varia- 
tion amount ( AR/R) of reflection intensity exceeds a certain 
range o 

[0047] 

That is to say, if the variation amount ( A R/R) (absolute 
value) of reflection intensity is equal to or larger than a 
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predetermined value, then determining the gate oxide film to be 

defective is consistent with the empirically obtained relation 
of cause and effect , whether the above-described supposition is 
theoretically true or not. Therefore , since the quantity of 
trapped electrons in the insulating film can be specified by 
monitoring the variation amount ( A R/R) of reflection inten- 
sity, the control of the electrical properties of the film can 
be performed optically- 

[0048] 

Next, an example in which the process control is performed 
in accordance with such optical evaluation during the fabrica- 
tion of a semiconductor device will be described. 

[0049] 

As shown in Figure S, process control was performed in mod- 
eling a silicon oxide film on a semiconductor substrate (wafer) 
by thermal oxidation while determining it to be good if the 
peak value in the spectrum of the variation amount ( A R/R) of 
reflection intensity is within a range of -0.25 X10~ 3 to 0.25X 
10" 3 and to be defective if it is out of the range. In Figure 
6, the axis of abscissas indicates the number of processed wa- 
fers and the axis of ordinates indicates (the peak value of) 
the variation amount ( AR/R) of reflection intensity in the vi- 
cinity of 3.35 eV. As a result of monitoring performed once 
per 125 wafers, a signal suddenly varied abruptly when the 
750th wafer was monitored, which was an unexpected trouble. 
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The properties of the gate oxide film at such a time were rep- 
resented by a time tbd (longevity value) of about 100 sec 
indicating the reliability thereof, i.e.,, a time elapsed until 
the breakdown is generated when the voltage Vg applied to the 
gate is -606 V. Since a normal longevity value tbd is 10 4 sec. 
or more, it can be seen that this longevity value is abnormally 
low. In this case, the cause of trouble could be eliminated by 
prompt troubleshooting and the occurrence of defects could be 
prevented from then on* By controlling the fabrication process 
in accordance with the evaluation of optical properties in such 
a manner, the present invention can perform prompter trouble- 
shooting than a conventional control in accordance with the 
evaluation of electrical characteristics „ Consequently, in 
modeling a sample and in a fabrication process of a MOS device, 
the degradation of yield can be prevented with certainty* 

[0050] 

(Modified Embodiment of the Embodiment) 
Figure 7 shows an optical monitoring system according to a 
modified embodiment of the above-described embodiment,, As shown 
in this figure, a Xe lamp 502 for generating measurement light 
to be irradiated onto the semiconductor substrate 101 is pro- 
vided* The probe light 507 generated by the Xe lamp 502 is 
reflected by a mirror 506 and then provided to the n-type semi- 
conductor region of the semiconductor substrate 101 placed on a 
wafer stage 504 «, Though not shown, the diameter of the probe 
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light 507 can be converged by a lens down to 50jUm<fi<. And, the 

reflected probe light 508 reflected by the n-type semiconductor 
region is passed through the mirror 506 so as to be provided to 
a microscope system 505 and then the intensity thereof is de- 
tected by a system for observation and analysis 509 0 In this 
embodiment, the irradiation of the probe light 507 onto the re- 
gion to be observed and the take-out of the reflected robe 
light 508 can be performed in a direction vertical to the sur- 
face of the sample by using the microscope system 505 and the 
mirror 506 in combination., It is noted that data about the re- 
flection intensity measured by the system for observation and 
analysis 509 is transmitted to a process control system (not 
shown) via a signal line, 

[0051] 

In addition, an Ar ion laser 503 having an intensity of 5 W 
for generating exciting light to be irradiated onto the n-type 
semiconductor region is also provided o The exciting light 511 
generated by the Ar ion laser 503 is chopped by a chopper 510 
at a frequency of 100 Hz, for example, and intermittently irra- 
diated onto the n-type semiconductor region of the 
semiconductor substrate. And, the value ( A R/R) obtained by 
dividing the difference Ar between the reflection intensity of 
the measurement light (probe light) when the exciting light 511 
is irradiated and that when it is not irradiated by the reflec- 
tion intensity R when the exciting light 511 is not irradiated 
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is detected by the system for observation and analysis 509 as a 

variation amount of reflection intensity, as described above » 
The variation in variation amount of the reflection intensity 
of the probe light (i.e e/ the variation amount of reflectivity) 
is monitored by the above-described conf igurationo Also, a re- 
flected exciting light observation system 513 for detecting the 
intensity of the reflected exciting light 512 from the semicon- 
ductor region is further provided o Information about the 
intensity of the reflected exciting light 512 is transmitted to 
the system for observation and analysis 509 via a signal line* 
The chopper 510 and a detector for detecting the intensity of 
the reflected light are configured so as to operate in synchro- 
nism with each other o 

[0052] 

In the optical evaluation apparatus shown in Figure 1 or 
7, only the variation amount (AR/R) of reflection intensity in 
the vicinity of 3„35 eV may be monitored by the detector 105 by 
providing a filter for transmitting only the light having a 
wavelength in the vicinity of 3o35 ev, for example, for the op- 
tical path in which the reflected probe light passes* For 
example, such a filter may be provided in front of the detector 
105 shown in Figure 1. 

[0053] 

Moreover, in the optical evaluation apparatus shown in 
Figure 1 or 7, the measurement light in the wavelength range of 
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600 nm or less is preferably irradiated onto the semiconductor 

region by selecting an appropriate light source for the meas- 
urement light or by providing a filter therefor » Since the 
penetration depth of the light in such a wavelength range into 
the semiconductor region does not become equal to or exceed 
several tens nm, a highly sensitive optical evaluation can be 
performed based on the variation amount of the intensity of the 
reflected light from the surface region which is likely to be 
affected by the trapped electrons in an insulating film such as 
a silicon oxide filnu 
[0054] 

In the optical evaluation apparatus shown in Figure 1, the 
members of an ellipsometric spectroscope, which is currently 
used for measuring the film thickness of an oxide film, are di- 
rectly applicable to the Xe lamp 103, the polarizer 104, the 
detector 105 and the like. In such a case, if only an Ar ion 
laser 109, a chopper 110 and a control system 113 are newly pro- 
vided, the optical evaluation of the present invention can be 
performed o Also, such an ellipsometric spectroscope may be par- 
tially used for the optical evaluation apparatus shown in Figure 
7o 

[0055] 

[Effects of the Invention] 

According to Claims 1 to 8, exciting light is intermit- 
tently irradiated from over an insulating film onto a 
semiconductor region, while measurement light is also irradi- 
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ated onto the region , thereby determining the electrical prop- 
erties of the insulating film to be good or bad in accordance 
with the variation amount in reflectivity of the measurement 
light. Thus, it is possible to provide an optical evaluation 
method which can evaluate the electrical properties in-line by 
utilizing the fact that the surface electric field in the semi- 
conductor region is varied depending upon the amount of 
defects, such as trapped electrons, in the insulating film. 
[0056] 

According to Claim 7, in particular, an optical evaluation 
can be performed with low costs by using an ellipsometric spec- 
troscope which is universally used for measuring the film 
thickness of an insulating film. 

[0057] 

And, the optical evaluation method of Claims 1 to 8 can be 
carried out easily if the optical evaluation apparatus of 
Claims 9 to 16 is used. 
[Brief Description of the Drawings] 

[Figure 1] 

A block diagram showing, partly in perspective, the con- 
figuration of an optical evaluation apparatus according to an 
embodiment o 

[Figure 2] 

A cross-sectional view showing a structure of an object to 
be measured which is used for performing an optical evaluation 
in the embodiment * 
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[Figure 3] 

A signal spectrum diagram about a variation amount of re- 
flection intensity of probe light from a semiconductor region. 
[Figure 4] 

Energy band diagrams for a silicon oxide film and the n- 
type semiconductor region o 
[Figure 5] 

A diagram showing the relationship between a peak inten- 
sity in the spectrum of the variation amount of reflection 
intensity of the probe light and the density of trapped elec- 
trons in the oxide film* 

[Figure 6] 

A diagram showing the relationship between the number of 
processed wafers and the variation amount of reflection inten- 
sity in the vicinity of 3„35 eV in the case where the optical 
evaluation is utilized for controlling an oxidization process 
of a sample in accordance with the present invention, 

[Figure 7] 

A block diagram showing , partly in perspective , the con- 
figuration of an optical evaluation apparatus according to a 
modified embodiment of the embodiment, 

[Description of the Reference Numerals] 

101 semiconductor substrate 

101a body portion 

101b n-type semiconductor region 

101c silicon oxide film 
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102 wafer stage 

103 Xe lamp (second light source) 

104 polarizer 

105 detector 

106 probe light 

107 reflected probe light 

108 signal line 

109 Ar ion laser (first light source) 

110 chopper 

111 exciting light 

112 signal line 

113 control /analysis system 

502 Xe lamp (second light source) 

503 Ar ion laser (first light source) 

504 wafer stage 

505 microscope system 

506 mirror 

507 probe light 

508 reflected probe light 

509 system for observation and analysis 

510 chopper 

511 exciting light 

512 reflected exciting light 

513 reflected exciting light observation system 
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[Name of the Document] ABSTRACT 

[Abstract] 

[Problem] To provide an optical evaluation apparatus and an op- 
tical evaluation method enabling the in-line control of the 
electrical properties of an insulating filmo 

[Means for Solving the Problem] Exciting light from an Ar ion 
laser is passed through an insulating film and intermittently 
irradiated onto a semiconductor region immediately under it. 
Probe light (measurement light) from a Xe lamp is irradiated on- 
to the region irradiated intermittently with the exciting light, 
and the intensity of the reflected light thereof is measured. 
In this case, the increment of the surface electric field in the 
semiconductor region when the exciting light is irradiated dif- 
fers from that when it is not irradiated- Therefore, the 
reflectivity of the measurement light is particularly varied in 
a wavelength region * Then, if the number of defects (trapped 
electrons ) in the insulating film is large, then the increment 
of the surface electric field in the semiconductor region is 
large. Thus, the variation amount of the reflectivity of the 
probe light is increased as compared with the case where the de- 
fects are few„ Consequently, the insulating film is determined 
to be good when the variation amount of the reflectivity is 
within a predetermined range and to be defective when it exceeds 
the predetermined range o 
[Selected Figure] Figure 3 



1 Shutsushotokuhei 09-3084948 



